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Abstract

Adult illiteracy is a major problem worldwide especially in developing countries. Adult Basic
Education (ABE) programs working in this context are not very effective due to lack of moti-
vation for the people who are not literate. The reason is inadequate learning content and
content delivery methods. This situation calls for developing novel learning content and a
learner-directed content delivery approach. This paper presents an exploratory study inves-
tigating the use of the Environmental Print Material (EPM) as learning content for the non-lit-
erate population of Pakistan. The EPM content is presented to the adult non-literate
population in two ethnographic studies. The most frequently recognized content is selected
and utilized as learning content in a Computer Assisted Learning (CAL) application. An
empirical study is conducted upon two groups with 107 participants to compare the EPM-
based learning content with Traditional Learning Content (TLC). As many as 54 participants
participated in the experimental group (presented with EPM-based learning content),
whereas 53 participants took part in the control group (presented with TLC content). The
results reveal that the experimental group performed significantly better compared to the
control group in recognition, pronunciation, and recall of the presented content. The meta-
analysis of the results shows a large effect size of (1.05) with confidence interval in the
range (0.798-1.315). The results claim that the EPM has potential to be considered as
learning content in the ABE programs.

Introduction

Cohen et al. (2015) argued that to achieve sustainability, literacy relevant to sustainability is
important [1]. The fundamental aspect of the sustainability literacy is to get everyone literate.
There are 774 million non-literates globally, and majority reside in South Asia [2]. Around
58% of the Pakistani population is non-literate, and most of them live in rural areas [3]. There-
fore, illiteracy is a major problem of Pakistan. The causes of illiteracy in Pakistan are poverty,
high population growth, lack of resources and inconsistent literacy policies [4]. Adult Basic
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Education (ABE) programs give a solution for the mass eradication of illiteracy. However, a
common pitfall of ABE programs is the reduced motivation of the learners. The reasons for
this may be poor learning content and inadequate delivery methods [5, 6]. Thus, effective
design and delivery of the learning content is a challenge. There have been many efforts for
effective design and delivery of learning content. For example, visual cues, such as images,
have been found very effective for adult learners as compared to textual content [7, 8]. Aan-
stoos provided a broader perspective on visual imagery for learning [9]. He found that a "visu-
ally literate" person can use the "visual competencies" for interpreting the objects and symbols.
Recent research has used such visual imagery for the non-literate population. It has been
proved that the audio-visual learning content and multi-modal scaffolding for content delivery
improve the motivation of the adult learners [10]. Other researchers have also reported posi-
tive outcomes of visual learning content [11, 12].

It is imperative to note that the learning content needs to be relevant to the learners’ back-
ground, culture, interests, and preferences [13-15]. Designing the learning content as tasks
can enhance interest in learning [16]. The learners must be able to relate to these tasks from
their experience. In this context, [13] used Environment Print Material (EPM) as learning con-
tent for the non-literate learners. The EPM consists of signs, logos, advertisements, and
inscriptions prevalent in the learners’” environment [17]. Adult non-literates, living in a print-
rich environment, use their visual competencies to build a sight vocabulary of the EPM. An
ABE program can use this sight vocabulary. There has been extensive research on using EPM
in emergent literacy programs for children [18]. The potential niche of using EPM for ABE
programs has also been explored. For example, Kurvers and colleagues compared the print
awareness of non-literates with pre-reading children and low-educated adults in the Nether-
lands [17]. They reported that the non-literates behaved like children in terms of recognizing
EPM. The non-literates could see what the written language looks like in the environmental
print but they were unable to recognize the EPM out of context. Some comparable results are
reported by [19]. These results show that the exposure of non-literates to the EPM does not
automatically guarantee its recognition. This calls for careful planning for using EPM for an
ABE program.

The focus of this paper is to select the right learning content based on EPM and to test the
effectiveness of this content in teaching adult non-literate population. The adult non-literate
population has limited reading skills and almost no writing skills [20]. Therefore, this paper
posits the following main (Hm) and sub-hypotheses:

H,.: The learning content based on EPM can enhance the learning of the adult non-literate
population compared to traditional content.

H;: The learning content based on EPM can increase the recognition rate of the adult non-lit-
erate population.

H,: The learning content based on EPM can increase the pronunciation accuracy of the adult
non-literate population.

H;: The learning content based on EPM can increase the recall (remembrance) rate of the
adult non-literate population.

The rest of this paper is organized as follows: Section 2 discusses the state of the art of the
design of learning content and their delivery mechanisms to the adult non-literate population.
Section 3 presents two short studies conducted to select the EPM, used for designing the learn-
ing content. The effect of this learning content and their presentation is studied in an experi-
ment with the adult non-literate population. This experiment is presented in section 4, while
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the results are presented in section 5. This paper is concluded by section 6 by presenting the
conclusions, limitations, and future work.

State of the art

UNESCO defines non-literates as “the population aged 15 years and above who cannot both
read and write with understanding a short simple statement on their everyday life” [21]. The
research distinguishes between non-literates from functional illiterates, who have limited read-
ing skills and almost no writing skills [20]. According to Wagner, Information and Communi-
cation Technology (ICT) has a potential in implementing ABE programs [22]. The following
are some of the reasons for this [23]:

1. An ICT solution has an ability to reach geographically dispersed communities.

2. ICT can give interactive, informal, and time flexible learning platforms for those who are
unable to regularly attend formal educational systems.

3. ICT can give individual and customized solutions based on language, gender, and ethnicity
etc.

4. A network of educational experts can be formed to support an ICT-based ABE program.

There is a growing body of work for ICT-based literacy solutions for non-literate popula-
tion [22, 24-28]. The purpose of an ABE program is to give minimal educational skills such as
basic reading, writing, and computational skills. This section presents a detailed discussion of
the literature about two factors: namely 1) designing the learning content and 2) delivering the
learning content in the ABE programs. The aim of this discussion is to name the guidelines
proposed in the literature to design and deliver the learning content to the non-literates.

The design of the learning content

ABE programs have been implemented for the last six decades in Asia. UNESCO has devel-
oped best practices for curriculum design defining three levels of literacy skills: basic, middle,
and self-learning [29]. The basic level literacy includes the following skills:

1. reading the headlines and sub-headings of newspapers, posters, and numbers from 1-1000,
2. writing one’s own name, simple letters, and numbers from 1-1000,

3. counting and recognizing letter 1-1000, 3-digit addition, and subtraction and

4. other skills such as communication and use of literacy skills in daily life.

The above skills can be acquired incrementally, i.e., reading is acquired first followed by
writing counting and communication [29]. Several approaches have been proposed to teach
reading. One approach, called the phonics approach, involves teaching the alphabet letters first
[30]. Another approach, called the whole language approach, teaches words for building
vocabulary using sight experience [14, 31]. The effectiveness of these approaches depends on
the interest of adult learners in the learning content [14]. The material in the environment of
the learners could increase their interest and thus should be considered while designing learn-
ing content.

Designing learning content is a complex job, especially in case of adult learners, who have
variant literacy skills. Poorly designed content badly affects the teaching method and hinder
the learning process [32]. There are no standards to design learning content for adult learners.
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However, various guidelines have been proposed to teach adult learners. The following para-
graphs discuss these guidelines.

The first guideline is the use of multimodal learning content [10]. It is a combination of tex-
tual, visual, audio, gestural, and spatial modes [33]. Multimodal learning content increases the
motivation of non-literates [10] and their level of comprehension [34].

The second guideline is to build on the earlier knowledge and to use the past experiences
[35]. The learning process adds the latest information to the current structure of knowledge,
understanding, and skills of a learner [36]. Prior knowledge of a learner plays a critical role in
learning according to constructivism [37]. Learners find the new information helpful if it is
presented in a way that complies with the previously developed schemas. This is especially true
in case of non-literate learners because they have already developed a number of schemas
based on their experiences and exposure to the environment. As problem-oriented learning is
helpful for adult learners [35], thus, the learning content must be related to the problems faced
by the adult learners in real-life. Also, this content may be related to the past experiences of
adult learners to have personalized learning content. Such learning content may motivate the
learners and may positively influence their learning experience.

The third major guideline is to contextualize learning. Designing the learning content may
vary across geographical regions and cultures [29]. Therefore, contextualized learning
informed by the learners’ culture, prior knowledge, and past experiences is also important to
the content design. Laves and Wenger found that “learning is embedded within an activity,
context, and culture” [16] called as a situated learning theory. This theory states that the
knowledge should be presented in a valid context. This contrasts with the classroom learning
where the knowledge is delivered out of context. Sociocultural settings of learners are also rele-
vant for situated learning [37]. The situated learning theory has three primary features, the cul-
ture of the learners, their context, and authentic tasks. These are the tasks where the learners
can relate their experiences and context [38]. When the learning process entails authentic task,
it is more likely that the learners would pay more attention and their interest would lead
towards engagement and hence they would be more motivated towards the learning [37].

Table 1 presents a summary of the guidelines about designing the learning content pro-
posed in the literature. It lists the features of learning content, their description and their
effects on the adult learners.

Table 1. Features for designing the learning content for non-literates.

Features
Multimodality

Building on the previous knowledge and
utilizing the past experiences [35]

Contextualized learning

https://doi.org/10.1371/journal.pone.0201902.t001

Description Effects
Combination of textual, visual, audio, gestural and 1. Increases the motivation of non-literates [10]
spatial modes [33] 2. Increases the level of comprehension [34]

Creation of new knowledge schemas and updating of | The following effects are reported in the literature [35, 36]
existing schemas Adds information to the current structure of knowledge

Increases understanding

1.
2.
3. Increase skills
4. Motivates the learners
5.

Affects the learning experience positively

—_

Learning is embedded within [16] . Learners can relate to their experiences and context

L activity, 2. Learners pay more attention resulting better engagement
2. context and and more motivation toward learning
3. culture

The relevance of the learning content to the
sociocultural settings of the learners [37]
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Delivery of the learning content

Delivering the learning content to non-literates usually follows a non-traditional approach,
termed as facilitated learning. In this approach, the role of the instructor is limited to orienta-
tion and on-demand help. Knowles observers that adult learners prefer to learn independently
[35]. The motivation of adult learners in an ABE program is important. Keller proposed a
motivational design model for promoting and sustaining motivation in the learning process.
The key constructs of this model are attention, relevance, confidence, and satisfaction [39].
Keller proposed different activities which may help in the enactment of his motivational design
model. These activities include a) considering individuals learning styles while designing the
learning content, b) supporting active participation, c) learners’ control, and d) giving feed-
back to learners while delivering the content. All these activities are well-proven in the research
on ABE. The following is a brief treatment of these activities considering the contemporary
research.

1. The use of learning styles in educational design is explored by various other researchers
[40-42].

2. The concept of active participation is in line with Kolb’s theory of experimental design. He
writes that “learning is the process whereby knowledge is created through the transforma-
tion of experience” [43]. Experimental design can be realized by role activity-based partici-
pation in the learning process.

3. Learners’ control, which is also called self-paced learning, offers independent learning
opportunities to the learners where they can make their own decisions on browsing the
learning material.

4. Learner’s feedback is a critical feature of content delivery. It is important to give feedback to
learners to increase learners’ satisfaction, especially in the facilitated learning approach. A
manifestation of the learner feedback may be a reward mechanism [39].

While the preceding features of content delivery focus on improving the learning process,
the behavior of the learners is also important. The contemporary literature has studied various
features of content delivery, which induce positive behavior of adult learners. These features
include repetition of content, frequent feedback, and positive reinforcement. Repetition of
content is an important feature, which may help to reduce the cognitive load of the learners
and offer them flexible learning environment [44]. Drill and Practice software is a software
that affords a repetition of learning content [45]. Further, immediate and frequent feedback
may help learners to learn from their mistake. Feedback may induce positive reinforcement in
learning. According to Skinner, reward and punishment control most of the human behaviors
[46]. A reward for a good act is called positive reinforcement and a punishment for an
immoral act is called negative reinforcement. The Drill and Practice software supports positive
reinforcement through repetitive practice [45].

Table 2 summarizes the above discussion about delivering the learning content to the non-
literates in an ABE program. It lists key features of content delivery showed in the preceding
discussion and details their effects on the learners.

Ethnographic studies to select the EPM

According to some researchers, learning content can be reused from mainstream education
[47, 48]. Although borrowing content from mainstream education is an easy and simple
approach, it has many limitations. The approach excludes the importance of learners’ experi-
ence, their interest, and motivational aspects [48]. Prevedel reviews the one-size-fits-all
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Table 2. Features for content delivery to non-literates.

Features Description Effects
Facilitated learning Instructor’s role is limited to orientation and on-demand help[35]. | Considering the learning styles, active participation, learners control
and frequent feedback while delivering content promotes and
sustains the motivation of the learners [39].
Repetition of content The learning content is readily available to the learners in multiple | 1. Reduced cognitive load [44]
modes like visuals, descriptive and audio. This content can be 2. Flexible learning environment [44]
utilized by the learners according to their ease repetitively.
Frequent feedback and The learners receive frequent feedback on their learning 1. Immediate and frequent feedback may help learners to learn from
positive reinforcement performance. This feedback is often coupled with rewards in order their mistakes.

to have positive reinforcement. 2. Reward and punishment control most of the human behaviors

https://doi.org/10.1371/journal.pone.0201902.t002

[46]. Rewards may induce positive reinforcement, resulting in a
longer retention of learning content.

approach of using existing content and proposes a learner-driven approach to content design-
ing [48]. The learner-driven approach empowers the learners by considering their needs, inter-
ests, their social, and cultural context. However, designing learning content with learner-
driven approach gives new research challenges such as:

1. finding the learners’ need and interests, and creation of content considering learners’
needs, and real-life problems, and

2. exploiting commercially available material in this regard [49].

Realizing the potential of the learner-driven approach, various researchers explored it and
gave solutions to the challenges. Eberle and colleagues conducted an ethnographic study with
the participants of an ABE program to find their needs and interests and used these insights to
design the curriculum. They found that the curriculum designed in this way had a positive
impact on the learning process [13].

Since the focus of this paper is to design and evaluate the learning content for adult learners
belonging to Pakistan, we followed the learner-driven approach. Following the tradition of
Eberle et. al. [13], we have used ethnography to design the learning content relevant to the
needs and interests of adult learners. This also addressed our first challenge. The second chal-
lenge is addressed here by using the EPM as learning content. The rest of this section is divided
into two subsections. Section 3.1 highlights the importance of EPM and its role in designing
learning content, while section 3.2 presents two ethnographic studies to select the EPM rele-
vant to the cultural context of Pakistani adult learners.

EPM and the learning content

EPM is the printed material present in our immediate surroundings and used by us in our
everyday lives [50]. The examples of EPM include logos, inscriptions, brand names, etc. The
research in EPM awareness started in the 1960s and 1970s, and the potential of EPM for liter-
acy programs was first explored in mid-1980s [51]. Most related studies focus on reading skills’
development in children. Kassow gave a literature review of the research on EPM. He reported
that the context plays a significant role in reading EPM, and children cannot read an EPM out
of context [50]. The reason for this effect is that the children can use contextual cues to recog-
nize the EPM, while out of context EPM presentation results in the recall of the information.
Kurvers and colleagues did seminal work on studying EPM awareness in non-literate adults
[17]. They investigated the knowledge of environmental print for children, non-literates, and
low-educated subjects, and found that for all groups EPM was recognized better when it is

PLOS ONE | https://doi.org/10.1371/journal.pone.0201902  August 23, 2018 6/17


https://doi.org/10.1371/journal.pone.0201902.t002
https://doi.org/10.1371/journal.pone.0201902

@° PLOS | ONE

Fighting adult illiteracy with the help of the environmental print material

presented in context. Kurvers et al. found two distinct models of learning to read in literature,
i.e., a stage model, which involves “explicit and systematic teaching”, and a non-stage model
that involves learning through enough exposure to written language [14, 31]. According to the
stage model, the names and sounds of letters must be learned first because this knowledge is
prerequisite in learning to pronounce words [52]. However, Kurvers et al. argue that the expo-
sure of non-literates to EPM may help them in building sight vocabularies, which may be ben-
eficial in learning to read following a non-stage model. Although research studies on EPM for
literacy could rarely recognize the strong association between EPM and developing reading
skills (see, e.g., [19]), however, Kurvers et al. found a weak relationship between the two. More-
over, it is a fact that children are capable to recognize environmental print before they can
read prints in books [53, 54]. Thus, the literature discussed in this subsection shows that since
non-literates have enough exposure to EPM, any learning content based on EPM may aug-
ment their learning experience.

Departmental approval and ethical considerations

In this research, three studies were planned: two ethnographic studies on semi-literate and
non-literate people and one experimental study on non-literate people. The studies and experi-
ment were reviewed and approved by the Departmental Ethics Committee—called Project
Research & Evaluation Committee (PREC). The consent forms for each one of the studies and
the experiment were obtained from the participants respectively. The consent of the parents
was obtained for the participants under age of 18 years as approved by the PREC. Since the
participants were non-literate and semi-literate, consent was read to them and their verbal
approval was taken and recorded in a spreadsheet. The procedure of taking consent in this
way was approved by PREC. Only upon the agreement of the participants, the experiment was
conducted.

Ethnographic studies

To study the potential use of EPM as learning content for non-literates, the first step was to
select EPM-based content. Since the EPM content is pre-designed and is present in the sur-
roundings, the goal was to select the right EPM content and then to map its characteristics
with the features of learning content proposed in the literature (see Table 1). For the purpose,
two short ethnographic studies were conducted. The study-I was conducted to collect the
often seen EPM, whereas the Study-II was conducted to select the most occurring EPM con-
tent, which is easily recognizable for the non-literate population. Table 3 summarizes the pur-
pose, participants, and materials used in the ethnographic studies. The details of the study-I
are presented in section 3.3.1, and the details of the Study-II are presented in section 3.3.2.
Study-I. This ethnographic study was conducted in a small town in Pakistan. The partici-
pants of this study had the basic ability of reading (alphabet letters and some words) and

Table 3. Purpose, participants, and materials used in the ethnographic studies.

Study |Purpose

Participants Materials

Study- | to collect the EPM often seen by the people with low | 77 participants having some literacy (from | Eight EPM content of each Urdu alphabet letter were
I literacy. The reason is to maximize the number of level 1 to 4), who could read and write both | collected and five most common EPM content were

EPM content available for the selection.

Urdu and English alphabet letters selected

Study- | To select one EPM content for each Urdu alphabet 95 different participants (not participating | One EPM content most often recognized by the
1I letters. The reason for selecting these participants was | in the Study-I) having no literacy participants was selected for each Urdu alphabet letter
to provide a close match with the participants of the and it was used as EPM-based Learning Content (ELC)

experiment (see section 4)

https://doi.org/10.1371/journal.pone.0201902.t003

in the experiment (see S1 Table)
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writing (alphabet letters and some kindergarten-level words) in both English and Urdu. They
had between 1-4 years of schooling. The participants could recognize and read the EPM in
their surroundings. A total of 77 participants (41 males and 36 females) took part in this study.
Their mean age was 30 years within the range 15-55. They practiced varying professions like
shopkeeper, laborer, auto-mechanic, security guard and painter etc. The rationale for the
choice of such participants for this study was their similarity with non-literate people because
they were not true literates. Therefore, their selected material might also be comprehensible to
non-literates.

A form was designed to collect the EPM content against 28 most often used Urdu alphabet
letters. The participants were instructed to write at least eight common content from the EPM
whose name starts with the given alphabet letter. The five most often written content for each
alphabet letter was selected. After removing all the redundant content, a collection of 140 EPM
content remained. This content was categorized as products of daily use, usual places, and
known brand names that offer assorted products and services. Fig 1 shows the alphabet letter
‘Jeem’ and the logo of a famous TV news channel ‘GEO’.

Study-II. To confirm the selected EPM content, the participants of this study were pre-
sented with the content selected from the study-I and were told to recognize it. A total of 95
participants took part in this ethnographic study. Out of 95, 64 were males and 31 were
females. Their mean age was 35 and in the range of 17-60. They practiced varying professions
as the participants of the earlier study. The graphene-based interviews were conducted to
make sure that the participants could recognize and pronounce alphabet letters.

Pictures of the selected EPM content were presented to the participants and they were
asked to recognize the EPM content against each alphabet letter. No help was provided to the
participants in the recognition process. For each alphabet letter, most often recognized content
was selected from the already reduced content. The finally selected EPM content are presented
in S1 Table. TLC is the content borrowed from mainstream education [55-57] and contained
both alphabet letters and metaphors (see S2 Table). However, metaphors used in TLC were the
pictures as used in the mainstream education. This content, therefore, is more suitable for chil-
dren whereas has less fascination for the adult learners. For example, pictures of animals,
fruits, and places. Although, these metaphors have cultural compliance one may have rare

Presentation of the alphabet letter 'Jeem' Metaphoric equivalent of the alphabet letter
as example ‘Jeem' to describe content

N<BE->

L L ‘ _
Back and forward buttons to move to next Sound button to read ~ Submit button to verify  Exit button to quit the
or previous learning content aloud the learning manually that the user  application anytime

content has learnt the content

Fig 1. Computer Assisted Learning application presenting the EPM-based learning content (ELC). The traditional
content was presented without displaying the EPM content.

https://doi.org/10.1371/journal.pone.0201902.g001
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interaction with most of the objects used in the metaphors (see S2 Table). Whereas in case of
EPM based content one may have frequent interaction in daily life. For instance, the brand
metaphors such as Pepsi, Daalda, Zong, Surf, Lipton, Geo, Warid, Ufone, one may use in daily
routine and may interact numerous times in a day. Similarly, numerous metaphors such as
Bread, Refrigerator, are tools, objects or products that one may use or consume daily.

Experiment materials, and methods

As described in the introduction section, the main hypothesis of this paper was to compare the
learning using the selected EPM-based Learning Content (ELC) with the TLC. An experiment
was conducted with the non-literate population to validate this hypothesis. This section pres-
ents the details of the experiment. Firstly, the demographics of the participants are detailed.
Secondly, the material used in the experiment, and the procedures are discussed.

Participants

Initially, 121 participants with no literacy were selected, however, were reduced to 107 partici-
pants after the scrutiny. In the scrutiny, participants’ age was determined along with their skills
to pronounce and recognize alphabet letters of Urdu language. Only the adults with age greater
than 15 and with no skills to pronounce and recognize alphabet letters were selected. Out of
107 participants, 60 were male, and 47 participants were female. Most of them were practicing
jobs like the female worker who babysit, the male workers doing jobs in the offices requiring
no literacy etc. Only 10 of the selected participants had attended up to 1.5 years of formal
schooling. Only 5 of the participants had a computer at home, however, none of them ever
used it. All participants had seen a computer and they were motivated to get an education
through computers.

Procedure

The experiment followed a between-subject design, where the participants were randomly
divided into two groups, i.e., the experimental group (EG) and the control group (CG). The
EG (54 participants) was presented with ELC and the CG (53 participants) was presented with
TLC. This was materialized by developing two CAL applications for the two groups. One of
the application supported alphabet letter learning using EPM, while the other used TLC. Fig 1
illustrates the user interface of the CAL application using ELC. The CAL applications were
designed to minimize the role of instructors and to reduce the cognitive load in addition to
giving immediate feedback [28].

The experimental procedure was as follows: A demo on the use of the applications’ interface
was given to the participants for 30 minutes before starting the learning session. The learning
sessions continued for one hour a day on the weekdays (excluding the weekends) for four
weeks. It was made sure that the participants should learn all the alphabet letters on a given
day. After completion of the sessions, two assessment tests were conducted: a computer-assis-
ted assessment for recognition of alphabet letters and a manual assessment of the correctness
of alphabet letters pronunciations. For computer-assisted assessment, another application was
developed. The user interface of this application is illustrated in Fig 2. During the computer-
assisted assessment, a picture was presented to the learner, and he/she was required to select
the correct alphabet letter representing the picture by clicking on it via mouse (c.f. Fig 2). For
the CG, the ELC was not included. One of the authors of this paper was present in the assess-
ment session to help participants in case of problems like turning-on computers, navigation
through the environment or other unforeseen technical issues. At the end of the assessment of
both groups were informed about their mistakes via signs of ticks or crosses against each
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Alphabet letter (as multiple choice among which one is correct)
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(Speaks aloud the learning content) to go to the next learning content

Fig 2. Computer-assisted assessment application using EPM.

https://doi.org/10.1371/journal.pone.0201902.g002

correct and incorrect answer. During the manual assessment, an alphabet letter along with the
EPM content was presented to the EG. The CG was presented with alphabet letter and their
corresponding image content. Learners from both groups were asked to pronounce the shown
alphabet letter. The responses of both groups were noted manually in a text file against a
unique participant id.

Results and discussions

We started the analysis by conducting a two-way ANOVA. The Gender (Male vs. Female) and
Group Type (the EG vs. CG) were taken as fixed factors and the recognition score as the inde-
pendent variable. A similar analysis was again conducted for pronunciation scores. The results
found no interaction effect for both the independent variables. Furthermore, a two-way
ANOVA was also conducted by considering Group type and age group as fixed factors and
recognition, pronunciation scores as independent variables. The results again revealed no sig-
nificant interaction effect. In the scenario, various statistical experts such as Leech et al. [58]
recommend examining and reporting the significant main effects one at a time. Therefore, we
further conducted only the independent sample t-tests as explained in the following sections.

Recognition

Recognition scores of the EG and the CG were analyzed. It was hypothesized that the learners
in the EG would score higher than the learners in the CG. An independent t-test was con-
ducted to compare the means of recognition scores of both the groups. The results showed
that the mean score of the EG was significantly better than the mean score of the CG (t (54,
2) =3.94, p < 0.001). The mean recognition score of the EG (pt = 20.50, SD = 8.489) was greater
than the mean score of the CG (p = 14.99, SD = 5.754). The results confirmed the hypothesis
(H,) suggesting that the learners achieve higher recognition performance when presented with
environmental print material as learning content.

To further discover the contributions of age and gender, the EG and the CG were divided
into two age groups of age 15-40 (Younger) and 41-60 (older) as well as into two groups of
gender male and female. The purpose of this division was to study the effect of the EPM on the
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learning of different age groups and gender groups, because of variant learning performance
in different learning environments[11]. An independent t-test was conducted to compare the
means of recognition scores of both age groups and gender groups separately. The results
showed that the EG were significantly better than the CG with (t (46, 2) = 2.27, p = 0.028) and
(t(61,2) =3.19, p = 0.002). The mean recognition score of the EG between age 15-40 was (i =
20.00, SD = 8.63) greater than the mean score of the CG (p = 15.09, SD = 5.74). Similarly mean
recognition score of the EG between age 41-60 was (u = 20.87, SD = 8.50) greater than the
mean score of the CG (u = 14.92, SD = 5.85).

Regarding male and female groups comparable results were found between experimental
and the CG. The male the EG achieved significantly better recognition score than male the CG
and female the EG achieved a significantly better recognition score as compared to female the
CG with (t (60, 2) = 3.32, p = 0.002) and (t (47, 2) = 2.15, p = 0.037) respectively. The mean rec-
ognition score of male the EG was (u = 20.98, SD = 8.34) greater than the mean score of male
the CG (u = 14.75, SD = 5.74). Similarly, the mean recognition score of female the EG was (u =
19.98, SD = 8.78) greater than the mean score of the CG (u = 15.35, SD = 5.88). The results sug-
gest that the learners achieved higher recognition performance when presented with environ-
mental print material as learning content. The further division of participants in age and
gender groups did not change the results thus providing convincing evidence for acceptance
of hypothesis H;. The results are summarized in Table 4 below.

Pronunciation

The pronunciation scores obtained from the participants of experimental and the CG were
compared by conducting Independent t-tests. The results showed that the mean score of the
EG was significantly better than the mean score of the CG (t (54, 2) = 3.86, p < 0.008). The
mean pronunciation score of the EG was (i = 18.03, SD = 7.95) greater than the mean score of
the CG (n = 12.85, SD = 5.81) thus suggesting that the learners achieved a better pronunciation
score when assessed using the EPM-based content.

Pronunciation scores were also analyzed with respect to age and gender. Two age groups in
the range [15-40] and [41-60] and two gender groups male and female were formed. Indepen-
dent t-tests were conducted to compare the means of pronunciation scores of both age groups
and gender groups separately. The results of younger vs. older age groups showed that the EG
was significantly better than the CG with (t (46, 2) = 2.90, p = 0.006) in case of young partici-
pants and (t (61, 2) = 2.62, p = 0.011) in case of older participants. The mean pronunciation
score of the EG [15-40] was (u = 18.82, SD = 6.79) greater than the mean score of the CG

Table 4. Statistics of alphabet letter recognition scores of the experimental and the CG.

Nature Groups N Mean SD t-test for Equality of Means
Recognition Score Experimental 54 20.500 8.489 t-value p-value
(Overall) Control 53 14.990 5.754 3.936 <0.001
Recognition Score Experimental 23 20.000 8.636 t-value p-value
(Age 15-40) Control 23 15.087 5.743 2272 0.028
Recognition Score Experimental 31 20.871 8.502 t-value p-value
(Age 41-60) Control 30 14.916 5.859 3.193 0.002
Recognition Score Experimental 28 20.982 8.340 t-value p-value
(Male) Control 32 14.750 5.747 3.323 0.002
Recognition Score Experimental 26 19.980 8.782 t-value p-value
(Female) Control 21 15.357 5.886 2.152 0.037

https://doi.org/10.1371/journal.pone.0201902.t004
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Table 5. Statistics of alphabet letter pronunciation scores of experimental and the CG.

Nature Groups N Mean SD t-test (Not Equal variances)
Pronunciation Score Experimental 54 18.037 7.951 t-value p-value
(Overall Control 53 12.849 5.814 3.857 <0.001
Pronunciation Score Experimental 23 18.826 6.791 t-value p-value
(Age 15-40) Control 23 13.282 6.154 2.901 0.006
Pronunciation Score Experimental 31 17.451 8.777 t-value p-value
(Age 41-60) Control 30 12516 5.623 2.623 0.01
Pronunciation Score Experimental 28 19.178 7.105 t-value p-value
(Male) Control 32 13.640 5.807 3.276 0.002
Pronunciation Score Experimental 26 16.807 8.745 t-value p-value
(Female) Control 21 11.642 5.753 2.430 0.019

https://doi.org/10.1371/journal.pone.0201902.t005

(n=13.28, SD = 6.15). Similarly, the mean pronunciation score of the EG between age [41-60]
was (1 = 17.54, SD = 8.77) greater than the mean score of the CG (u = 12.51, SD = 5.62).

Regarding the male and females’, the EG did better as compared to the CG. The male EG
achieved a significantly better pronunciation score than the male CG and the female EG
achieved a significantly better pronunciation score as compared to the female CG with (t (60,
2)=3.27,p=0.002) and (t (47, 2) = 2.43, p = 0.02) respectively. The mean pronunciation score
of the male EG was (1= 19.18, SD = 7.11) greater than the mean score of the male CG (u =
13.64, SD = 5.81). Similarly, the mean pronunciation score of the female EG was greater (u =
16.81, SD = 8.75) than the mean score of the CG (it = 11.64, SD = 5.75). The results suggest
that the learners pronounced accurately when presented with EPM as learning content as com-
pared to traditional content. The results, therefore, resulted in the acceptance of hypothesis
H,. The results show that age and gender did not change the main results thus provided strong
evidence of the effect of EPM on non-literate population pronunciation of alphabet letter. The
results are summarized in Table 5 below.

Recall rate

To find the recall score, the participants were informed on last day of an experiment to meet
again after 6 weeks. Participants were reminded again a week before the meeting date. How-
ever, all the participants were not able to participate on the day. A total of 42 participants from
the EG were present (total absent = 12, male = 5, female = 7) while in the CG only 27 partici-
pants were present (total absent = 26, males = 10, female = 16). These participants’ recognition
and pronunciation scores were collected again using similar assessment setup as described in
section 5.2. These scores will be called as recall scores in this section.

An independent t-test was conducted to find the differences in recall scores of both experi-
mental and the CG. Significant differences of the recall (recognition (t (69,2) =5.18,p < =
0.0001) and pronunciation (t (69, 2) = 4.57, p < = 0.0001)) appeared as a result thus confirm-
ing hypothesis H; as well. Furthermore, it was seen that the difference of the mean scores of
recognition of the EG (p = 18.2, SD = 8.01) and the CG (p = 10.94, SD = 3.41) was lower than
the difference of earlier mean recognition scores of the overall experimental (p = 20.50,

SD = 8.489) and the CG (n = 14.99, SD = 5.754). Similarly, a difference of the mean scores of
the pronunciations of the EG (u = 16.45, SD = 7.84) and the CG (p = 9.02, SD = 5.65) was
lower than the difference of earlier mean pronunciation scores of the overall experimental (=
18.04, SD =7.95) and the CG (u = 12.84, SD = 5.81). The reason might be the time lapse of 6
weeks would have corroded the learning process as the participants did not practice the con-
tent again in the elapsed time.
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Table 6. Statistics of alphabet letter recall scores of experimental and the CG.

Nature Groups N Mean SD t-test (Not Equal variances)
Recognition Experimental 42 18.20 8.014 t-value p-value
Recall Score Control 27 10.94 3.414 5.183 0.000

Pronunciation Experimental 42 16.45 7.84 t-value p-value
Recall Score Control 27 9.02 5.65 4.56 0.000

https://doi.org/10.1371/journal.pone.0201902.t006

No further analysis of the impact of age and gender were conducted because of availability
of limited data. The acceptance of the three sub-hypotheses also confirmed the main hypothe-
sis Hm that content based on EPM can enhance adult non-literate populations’ learning as
compared to traditional content. The learning in this context was measured in terms of recog-
nition, pronunciation, and recall rates. The results are summarized in Table 6 below.

Meta-analysis

In this study, we conducted 12 different analyses for recognition, pronunciation, and recall.
The effect of EPM on participants learning was found significant in all the analyses as com-
pared to the CG w.r.t age, gender and combined. However various researchers like Neyeloff
et al. [59] highlighted that meta-analysis has various advantages over the testing statistical sig-
nificance alone. For example, a meta-analysis could help in deciding the effectiveness of inter-
ventions as well help to answer beyond “Does it work or not” to “How does it work in the
range of contexts”. It also promotes more scientific knowledge by adding more weight to the
effect of size rather than statistical significance only. Therefore, we conducted a meta-analysis
as follows.

The first step in conducting a meta-analysis was the calculation of effect size for each analy-
sis. The standard deviation was taken from a pooled value from both the EG and the CG and is
favored by [59]. Similarly, Standard Error (SE) and random confidence intervals (CI) were cal-
culated as well as a forest plot was created as discussed in [59]. According to [58] an effect size
of 0.2 is small, an effect size of 0.5 is medium and an effect size of 0.8 or greater is large.
According to the said classification, all the effect size was in the range (0.85-2.32) and therefore
could be categorized as having a large effect (c.f. Fig 3). This means that in all the analyses, the

Sample Effect 95% Confidence Interval CI CI
Study . . SE
: Size (N) | Size(d) Random lower | upper
Overall 107 0.96 0.095 0774 | 1146
o HilH
:g Age25-34 46 0.85 0.136 ™ 0583 | 1.117
é‘ Age 35-60 61 1.02 0.129 0.767 | 1273
E Male 60 1.09 0.135 1 0825 | 1355
Female 47 0.78 0.129 - 0527 | 1.033
Overall 107 0.89 0.091 - 0712 | 1.068
g
-% Age25-34 46 09 0.14 HlH 0626 | 1.174
g Age 35-60 61 0.88 0.12 i 0645 | 1.115
g Male 60 0.96 0.126 i 0713 | 1207
[
Female 47 09 0.138 i 0.63 117
3 Recognition 59 213 0.19 1758 | 2502
b HiH
& | Pronunciation 39 132 0.15 e 1026 | 1614
Summary 1.056667 | 0.132 0798 | 1315

Fig 3. Meta-analysis table.

https://doi.org/10.1371/journal.pone.0201902.g003
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participants who taught with the environmental print material (the EG) not only did better in
recognition, pronunciation and recall significantly but also with bigger margins. This also is
clear from the overall meta-analysis summary described in Fig 3 with a mean effect size of 1.05
(large) and with Confidence interval in the range (0.798-1.315). Fig 3 also explain the effect
sizes of all the analyses with the help of a forest plot with the central tendency line standing for
the combined effect size of all the analyses.

Implications of the results

The studies found a significant effect of the ELC over TLC. A natural query could be that the
effect could also be attributed to the age differences between the two groups. As the two groups
were divided randomly, therefore, the age difference was not controlled. Finding the age effect
on the learning outcomes could have important implications. To find the implications, the
ages of the EG and CG were compared via an independent sample t-test. The test variables
were the ages of the groups and the grouping variables were the type of the groups i.e. the EG
and the CG. The results revealed no significant differences between the ages of the two groups
(t=0.16, p > 0.8). Therefore, any effect on the pronunciation, recognition, and recall scores
thus could only be attributed to the content.

The selected ELC from the study-II were further compared with the TLC in terms of com-
plexity of the content differences. Naturally, the more complex content could have affected the
learning outcomes of the adult non-literate participants. Therefore, to match the materials, the
number of letters and the number of syllables against each alphabet content of the ELC and
TLC were extracted. A paired sample T-Test was conducted by taking a number of letters of
the EPM-based content and the TLC. A similar analysis was again conducted with the number
of syllables of ELC and TLC content. The analysis regarding a number of letters in the ELC vs
TLC found that there are significantly more letters (t = 2.828, p < 0.01) in ELC as compared to
the TLC (ELCp = 4.16, TLCp = 3.76). This further strengthens our hypothesis that EPM based
content enhance the literacy skills of the adult non-literate population, despite being more
complex and lengthier. However, there were no significant differences found between syllables
of the ELC and TLC.

Conclusions

The aim of the research was to study the impact of EPM-based learning content on the learn-
ing of the non-literate learners. To investigate this, two ethnographic studies were conducted
to select the EPM-based content. The selected EPM-based learning content was then com-
pared with TLC in an experiment with the adult non-literate population. The results of this
experiment showed that the experimental group, (who have learned with the EPM-based
learning content) outperformed the control group (who have learned with the traditional con-
tent) in terms of the learning parameters (recognition, pronunciation, recall). Hence the
results confirmed that the carefully selected content relevant to the interests and demographics
of the adult learners could enhance their learning.

As discussed in section 3, various approaches have studied the use of EPM content for the
effective learning of the non-literate population [17, 18] and preschool children [19]. There
has been a consensus that the interaction with the EPM content in socio-cultural context can
be helpful in the learning of the alphabet letters. However, the non-literate users and the pre-
school children are not good at reading the EPM content out of context [17, 19]. In our experi-
ment, we have presented the EPM content to the non-literate users in the context. Our results
show that the users can recognize, pronounce and recall the alphabet letters in the EPM con-
tent. Therefore, the results are aligned with the previous work.
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This study also has some limitations. One of them is related to the short duration of the
learning sessions as compared to the learning ABE programs, which span over the years. How-
ever, the learning content was also simple since the participants were adult learners. In addi-
tion, the sample size for such studies was not adequate considering a between-subject study.
This is true specifically in case of finding the effect of EPM on recall in which half of the partic-
ipants did not appear. However, some studies such as Khan et al. [8] were conducted on an
even lesser number of participants. As a future work, the same study could be conducted with
a larger sample size so that differences across genders and age groups may further be strength-
ened. Formal assessment of the intelligence of the participants could have helped to further
generalize the results. Though the participants were randomly divided into two groups based
on the assumptions of equal division of intelligence, yet this is an important prospect to inves-
tigate in the future studies. In addition, some of the non-literate users may pay more attention
to the EPM as compared to the other non-literate users. This can hinder the chances for some
non-attentive user to learn from EPM. While an analysis of the attention bias may be helpful
in determining the applicability of our results in the wild, we did not gather such data. It is,
therefore, a limitation of our study and a possible future direction. Furthermore, the learning
content could be broadened from alphabet letters to forming words and beyond from the use
of EPM. The impact of the EPM in the same context needs to be investigated further for rural
and urban areas.
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